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1 Intr oduction

Thisnotedescribeshow to usethenp tmb stream packageto implement streaming
onthumbnail files. Runningtheexecutablein thispackageover adatasetwill produce
multiple output files whereevents canbe selectedby trigger bits, particle typesand
theirproperties,andlogicalcombinationsof them.

2 UseCases

Thepackagehasbeendevelopedfor theusein theNPphysicsgroup,althoughit should
beusefulfor othergroups andgeneral usersaswell.

The techniquesdescribed will beusefulin any analysis wherea userwritesout a
subsetof events basedonsomearbitrary criteria.

Thefollowing scenarios wereconsidered:

� A physics group decideswhich streamsto produce. The program is run on a
regularbasis(e.g. daily) on thelatestreconstructedthumbnail datasetsandthe
output is madeavailableto everybodyin a centralplace.

� A userdecidesshewantsto addor tightensomecutsandproduceyet another
privateversionof thethumbnail files for private use.Sheruns e.g.overa single
streamfrom thephysicsgroup andwritestheoutput to a localscratchdisk.

� A userwantsherown specializedselectionof events which cannotbeobtained
with theexistingexecutable.It shouldbeeasyto extend theprogramto accomo-
dateany desiredselectioncuts.

� Exceptfor the last case,all parametersshouldbeeasilycustomizable via RCP
sothatno recompilation is necessary.

� It shouldbepossibleto makea singlerunover theinput andproduceall desired
output files in onestep.
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3 Tagsand WriteEv ent

All of the above canbe achieved with a combination of featuresavailablein the D0
framework. We makeuseof two of them:

� thecapabilityto tag aneventwith anarbitrary string

� thecapabilityto havemore thanoneinstanceof theWriteEvent packageand
to customize eachinstanceto write only events whichhavecertaintags

Tagsareessentiallystringswhich canbeattachedto anedm::Event asit flows
throughtheframework. Tagscanbeattachedto a constantevent,sothey canbeused
e.g.in ananalyzepackage which isn’t supposedto modify anevent.

Tagginganeventis trivial:

fwk::Re sult MyPackage:: analyzeEven t(const edm::Eve nt& event)
{

...
if(some_ condition) {

event.tag(e dm::Tag("My Tag"));
}
...

}

The io package/ WriteEvent packageis usuallyusedto write out events in
theEVPACK format. TheWriteEven t package canbecustomizedvia its RCPfile
to output only eventswhichhavecertaintags:

string PackageName = "WriteEv ent"

string OutputFile = "myEvents "

// ...things omitted

bool UseOutp utFilter = true

string WriteEventT ags = "MyTag"

The example above will only write the taggedevents into an output file called
myEvents. Multiple tagscanbegiven in theWriteEvent Tags parameter.

Thestreamingprogramusesthis techniqueby implementing a setof simplepack-
ageswhichwill tagevents basedon trigger bits,particletypesandsomeof theirprop-
erties.It alsoallowscombining multiple tagsinto a new output tag.
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4 Tagsbasedon Particle Types

There arefour framework packagesavailableto tagevents basedonparticletypes:

� EM particles

� Jets

� Muons

� MissingET

For eachtypethereis a restrictedsetof cutsthatcanbeparameterizedin thecorre-
sponding RCPfile. Theseparameters werechosenby

� Looking at thetopgroup streamingexample.

� Goingthroughabout a dozenpresentations in theNP groupandlooking at what
selectioncutspeople hadused.

For particles,themultiplicity is oneparameter. Notethateachof thetaggingpack-
agescanbeinstantiatedmorethanoncewith a different setof parametervalues.Soif
onewantsasingle30GeV jet anda2 x 20GeV dijet, onesimplecreatestwo different
RCPfiles andinstantiatestheJetTag package twice in themainRCPfile.

The NumParti cles parameter is required. Theotherparameterscanbe either
absentor avectorof values,onefor eachparticle.For backwardcompatibility asingle
parameteris interpretedasavectorof sizeone.

4.1 EM Particles

TheEMTagpackage implements tagging for EM particles.The following selections
canbeapplied:

int NumParticles Thenumberof particlesrequired.

float Thr esholds A vector of pT thresholds,onefor eachparticle.

float EMfraction

float Isolation

float HMx8

Furthermorethealgorithmtype(scone,cellNN) canbespecified.
Thetagwhich is assignedto theeventis specifiedin

string Tag = "MyTag"

This is thesamefor all thefollowing packages.
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4.2 Jets

The JetTag package implements taggingfor jets. The following selectionscanbe
applied:

int NumParticles Numberof jetsrequired

float Thr esholds vectorof pT threshold for eachjet

float EMfraction

float CHfract ion

float HOTfraction

int N90

Furthermorethealgorithmtypeandits parameters canbespecified.

4.3 Muons

TheMuonTag packageimplements taggingfor muons. Thefollowing selectionscan
beapplied:

int NumParticles Numberof jetsrequired

float Thr esholds vectorof pT threshold for eachjet

int Nseg

4.4 Missing ET

TheMETTagpackage implementstaggingfor missingET. Only asinglethreshold can
bespecified:

float Threshold = ...

5 Tagsbasedon Trigger Bits

Thedefault executableincludestheD0Trigger Filter fromtheanalysis utitilie s
package.It canbeusedto filter out eventswhich have passedspecifiedtriggers. This
speedsup processingsincethereis no thumbnail unpacking doneif theeventdoesn’t
passthis first filter.

The D0TriggerSe lector classesarealsousedto assigntagsto events with
certaintriggerbits.

TheTrigger Tag packageimplementsthetagging of eventsdependingontrigger
bits. Theonly parameteris thelist of trigger namesandtheoutputtag:
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string PackageName = "Trigger Tag"

// the tag to produce for the event
string Tag = "EMTRIG"

string TriggerName s = ( "EM_HI" "EM_LO" )

6 Combining Tags

TheWriteEvent package will write outeventsbasedonasetof tags.Thisprovides
a logical OR for defining a stream. Onealsoneedsa logical AND to combine the
resultsof thesimplepackagesdescribedabove.

The AndTag package combinesexisting tagsinto new ones. It requires that all
input tagsarepresenton an event andthentagsthe event with a new tag. The only
parametersaretheoutput tagandthelist of input tags:

string PackageName = "AndTag"

string Tag = "E+J"

string Input = ( "1EM" "1JET" )

7 Tagsbasedon Cut Expressions

This is a new way of taggingevents basedon a list of cutsfor differentparticletypes.
It reducesthe number of RCPfiles you needandis moreflexible in the selectionsit
allows. In many casesit should bepossibleto haveasingleRCPfile for astreamwhere
before multiple files plusa AndTag RCPwasneeded.

It is basedonthecuts packagewhichis partof theD0 release.It makesattributes
of the various objects in an event easilyavailableandallows the userto specifyan
arbitrary expressionin termsof theseattributes. The following example shows the
basicstructureof theRCPfile:

string PackageName = "ObjectT ag"

// the tag to produce for the event
string Tag = "EM+JET"

// list of trigger names, empty means no trigger select ion applied
string Trigger = ( "EM_HI" )
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// The list of cuts to apply
string Cuts = ( "Cut1" "Cut2" )

string Cut1 = ( "EM" "Pt > 15.0 && emfrac > 0.95")
string Cut2 = ( "JET" "Pt > 20.0 && emETfract ion < 0.9 && HM8 < 20" )

// simple jet name
string JetName = "JCCB"

As canbeseen,it combinesvariousfeatureswhich areonly availablein separate
pieceswhenusingtheold method.

� A triggerselectioncut canbeappliedfor this setof cuts.This is thefirst criteria
to pass.

� A list of selectioncutscanbegiven.

� Thecutscanbeappliedto different particletypes.

� Thenumber of attributesavailableis muchlarger (andeasierto extend).

� Theusercandefineanarbitrary expressionusingtheseattributes.

Theeventis tagged,if thetriggercondition andall cutsaresatisfied.
A cut consistsof two strings:theobject typeanda boolean expression.Theobject

type mustbe oneof EM, MU, JET, MET, CHP. The availableattributesdepend
on the typeof object. They areusuallynamedafter thecorrespondingmethodof the
C++ classor thequalityobjectassociatedwith it.

Thefollowing attributesareavailable:

All particles Px,Py, Pz,E, Pt,Phi,Eta,AbsEta,Theta,P, Charge,TypeId

EM emfrac, isolation,coreE,isoE,nb ps,nb tracks,ps matching

MU nseg, ncentralmatch,centralrank,whits A, whits bc,shits a,shits bc,chisq,chisqloc,
qptloc,qualityloc,e33,e55,EInCone1,EInCone2,EInCone3,EInCone4,Loose,
Medium,Tight

JET emETfraction,chETfraction,hotcellratio, n90,HM8

MET MET, SET, MEx, MEy, MET noeta,SET noeta,MEx noeta,MEy noeta,MET weta,
SET weta,MEx weta,MEy weta
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8 Putting It All Together

8.1 Customizing the RCP Files

TheRCPfiles aredividedin threeparts,oneeachfor input,taggingandoutput.
Hereis themainRCPfile runTMBStr eam.rcp which you normallyshouldn’t

haveto modify:

string InterfaceNa me = "process"
string Packages = "input tag output"

RCP input <np_tmb _stream read>
RCP tag <np_tmb _stream tags>
RCP output <np_tmb _stream write>

Hereis theinput part,whereyoucancustomize thetriggerselector.

string Packages = "geo sam read config trigsel unptmb links"

RCP geo = <geometry_managem ent geometr y_management>
RCP read = <d0rec o D0recoRea dEvent>
RCP sam = <np_tm b_stream TMBSAMManager>
RCP config = <run_c onfig_fwk RunConfigPkg>
RCP trigsel = <np_tm b_stream D0Trigg erFilter>
RCP unptmb = <thumb nail UnpThumbNail>
RCP links = <linke d_physobj LinkedPhysO bjReco>

The only thing you shouldhave to customize hereis the trigger selection. The
corresponding file is D0Trig gerFilter to enable/disableit andspecifya list of
trigger names.Notethatusageof thispackage is not required.

The tags.rc p file simply consistsof a list of packageswhereyou specifyyour
rcp files with the appropriatecuts. The samefor the write.rcp file and output
specifications rsp.

Let’s assumeyouwantthefollowing streams(takenfrom thetopexamples):

� 5 GeVmuonand10GeV jet

� two 2 GeV muons

� 18GeV emobjectand10GeVjet

For eachdistinctparticleyou shouldcreateanRCPfile which definesthecutsfor
it. In theexampleabove this wouldbe:

� one5 GeV muon

� two 2 GeV muons
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� one10GeVjet

� one18GeVem

Modify theexistingexamplesfor eachparticletypeandproducethefollowing RCP
files (with thechosenoutputtagsshown aswell):

� muon1-5.rc p, tagis MU1

� muon2-2.rc p, tagis MU2

� jet1-10.rc p, tagis JET

� em1-18.rcp , tagis EM

Now modify thetags.rcp file asfollows:

string Packages = "muon1 muon2 jet em"

andadd:

RCP muon1 = <np_tmb_str eam muon1-5 >
RCP muon2 = <np_tmb_str eam muon2-2 >
RCP je = <np_tmb_str eam jet1-10 >
RCP em = <np_tmb_str eam em1-18>

Someof the tagsalreadycorresponddirectly to one of our output streams(the
dimuon). For otherswehaveto combinetheexistingtags.Notethatthe10GeVjet tag
is usedfor two output streams.

We dothis by adding two instancesof AndTag :

string Packages = "muon1 muon2 jet em emjet mujet"

RCP emjet = <np_tmb_str eam ejet>
RCP mujet = <np_tmb_str eam mujet>

wheree.g.theejet.rc p file whould contain thefollowing:

string PackageName = "AndTag"

string Tag = "E+J"
string Input = ( "EM" "JET" )
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andsimilarly for themujet RCPfile.
All that is left now is to instantiateWriteEve nt threetimes. We do this in the

write.r cp file:

string Packages = "emjetWrite mujetWrit e mu2Write"

RCP emjetWri te = <np_tm b_stream ejetWri te>
RCP mujetWri te = <np_tm b_stream mujetWr ite>
RCP mu2Write = <np_tm b_stream mu2Writ e>

Hereis a snippetof whatyouwouldchangein suchafile from thedefault values:

string OutputFile = "emjet"

bool UseOutp utFilter = true

string WriteEventT ags = "E+J"

andsimilarly for thedimuonandmuon plusjet files.
You canrestrictthenumber of eventswhich arewritten peroutput file. If you are

running over largedatasets,youmight wantto write theresultsin morethanonefile.
The mkstrea m.sh script in the rcp directorywill producea proper configuration
file for WriteEvent . Youcall it with astreamname, themaximumnumberof events
perfile, theoutput filenameanda list of tags:

% ./mkstr eam.sh MyStream 1000 myoutput tag1 tag2...

This will createa new RCPfile andall you have to addis MyStream asa pack-
agein your main RCP file. The output will go into files called myoutput-0 0,
myoutpu t-01, ... , wherenofile shouldhavemorethan1000events.

From p13 on you canalsousenew featuresof the WriteEve nt package. The
output file namemay containspecialcharacters precededby a % sign. E.g. the %n
patternexpandsinto asequentialnumberfor eachnew output file thatis written. So

string OutputFile = "dimuon-% n"

achieves the sameeffect as the script above in a much simpler way. Seethe
io packages/P atternExpan der.hpp file for moreoptions.

8.2 UsingSAM

TouseSAM insteadof anormalinput file (list), changethevariablebool UseSAM =
1 in rcp/TMB SAMManager. rcp to bool UseSAM = 0 andusea SAM project
definitioninsteadof afile name.
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8.3 Running It

To usetheprogram,checkout thenp tmb stream packagefirst andmodify theRCP
files for yourneeds.

% setup n32 # only on d0mino
% setup D0RunII t02.30.00 # choose a recent version.. .
% newrel -t t02.30.00 work
% cd work
% d0setwa
% addpkg -h np_tmb_st ream

% gmake np_tmb_s tream.all # only if there is no default executa ble
# it will also take almost 1 GB of memory
# to link so be patient...

To runtheprogramovera singlethumbnail file, just do:

TMBStream_x -rcp np_tmb_st ream/rcp/r unTMBStream.rcp
-input_ file <your_ file>

To runtheprogramwith SAM themostconvenient way is to used0tools :

% setup d0tools

# the following in one line...

% rund0ex e -exe=TMBStream_x -rcp=run TMBStream.r cp \
-rcppkg=n p_tmb_strea m -localbui ld -localr cp \
-defname= tmbfilestes t -batch -num=20 0

wheretmbfilestestis thenameof yourSAM project.
In mostcasesyou will checkout thepackage locally andmodify someof its rcp

parameter. Thescripts/ru nTMBstream. sh script calls rund0exe with most
parametersalreadysetup.

9 Production Streaming

Oncethethumbnail datasetbecomesverylarge,it is verycumbersometo eitherhavea
singlebatchjobsprocessall events(becauseof thetime it takes)or to split thedataset
artificially in multiplesetsandkeeptrackof whichhavebeenprocessedetc.

A datasetdefinitionnormally correspondstoagrowingsetof files. Whenskimming
events, theprocessshouldonly runoverfiles it hasn’t processedsofar. Thefollowing
procedureachievesthiswithoutmuchuserintervention.
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First defineyour SAM datasetasusual.This definitionshouldcontain thedimen-
sionsyou areinterestedin. Thefile list in this setwill typically have changedevery
timeyoustarta new project andaskfor thenewestsnapshot.

Hereis anexample for thedefinition:

((VERSION p11.09.%,p 11.1% and DATA_TIER thumbna il) \
and TRIG_CONFIG_TYPE physics) and \

TRIG_CONFIG_NAME %global% "

Let’ssaywecall thisdefinitionnp skim v1 . Now wedecideonthedefinitionsof
theevent streamswewantandtheirselectionscutsandputall this in thercpfiles. This
setof parametersdefinesa certainversionof our skimming process,let’s sayversion
2. We now definea new SAM datasetwhich looks like this:

DATASET_DEF_NAMEnp_skim_ v1 minus \
((PROJE CT_NAMErh_proc_v 2-% and \

CONSUMED_STATUS consumed) and \
CONSUMERrhauser )

Replacetheproject andusernamewith your own.
Let’s call this definitionnp skim v1 notproce ssed . All we have to do from

now onis tousethisnew definitionandaSAM project namewhichstartswith rh proc v2- .
If you want to change your streamdefinitions,you shouldchangeyour project

name.If youchangeyour original datasetdefinition (e.g.going from p11to p13),you
shouldchange bothdatasetnameandproject name.

You canuserund0exe on theCAB clusterto have multiple processesconsume
files from thesameproject, thereby effectively parallelizing your job automatically:

setenv SAM_PROJECT rh_proc_v2- ‘date +%Y%m%d-%H%M%S‘
rund0exe -cab -jobs=10 -defnam e=np_skim_v 1_notproce ssed ...

Seethehelpsectionof rund0e xe for otherparametersthatareneeded with CAB.

10 Writing your own Packageand Integrating it

If theselectionsprovidedby theexamplesabove arenot enough, theusercanextend
theprogramby simply addinganotherframework packageof herown. As mentioned
above,events canbetaggedaspartof a user’s normalanalysis.

Thefollowing is a recipefor asimpleuser-definedtagging package.
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10.1 HeaderFile

Createa new packageandput in a headerfile likeMyExample. hpp :

#ifndef MYEXAMPLE_HPP
#define MYEXAMPLE_HPP

#includ e "edm/Even t.hpp"
#includ e "edm/TKey .hpp"
#includ e "edm/Tag. hpp"

#includ e "framewor k/Package.h pp"
#includ e "framewor k/hooks/Job Summary.hp p"
#includ e "framewor k/interface s/Flow.hpp "

namespace TMBStrea m {

/**
* My tagging package
*/

class MyTag : public fwk::Pack age,
public fwk::Tag,
public fwk::JobS ummary {

public:
/// Package construct or
MyTag(fwk: :Context *contex t);

/// Destructor
˜MyTag();

/// fwk::Tag interfac e
virtual fwk::Re sult tagEve nt(const edm::Ev ent& event);

/// fwk::JobSum mary interf ace
virtual fwk::Re sult jobSum mary();

/// Method for accessing the package name.
std::strin g packageNa me() const {return package _name();}

/// Method for accessing the package name.
static const std::str ing packag e_name() {return "MyTag";}

/// Method for accessing the version of the package.
static const std::str ing versio n() {

return "$Id: tmb_stream ing.tex,v 1.4 2002/08 /21
20:01:25 rhauser Exp $";

}
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private:
// output
std::strin g _tag; // tag to use for the event

// selecti on criteria , more member variabl es if necessary

// statist ics
int _tagged _events; // number of tagged events

};
}
#endif // MYEXAMPLE_HPP

Thencreateasourcefile to implement thevariousmethods:

#includ e "myexampl e/MyExample .hpp"

#includ e "rcp/RCP. hpp"

#includ e "framewor k/Registry. hpp"

using namespace edm;

You shouldinclude any additional headerfiles to accesse.g. the chunks you are
interestedin.

namespace TMBStrea m {

FWK_REGISTRY_IMPL(MyTag,"$Name : $");

// constructor
MyTag::M yTag(fwk::C ontext *context)

: fwk::Pac kage(contex t),
fwk::Tag (context),
fwk::Job Summary(con text),
_tagged_ events(0)

{

// access RCP databas e here
edm::RCP rcp = packageRCP( );
_tag = rcp.getS tring("Tag" );

}
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At this point youshould initialize any otherparametersfrom theRCPfile.
The tagEvent methodis theplacewhich is calledfor eachevent andwhereyou

shoulddecideto tagit or not:

// fwk::Tag interfa ce
fwk::Res ult MyTag:: tagEvent(co nst edm::Ev ent& event)
{

if(some_co ndition_is_ true) {
event.tag(e dm::Tag(_ta g));
_tagged_eve nts++;
return fwk::Resul t::success ; // no need to continue

}
return fwk::Res ult::succes s;

}

// fwk::JobSum mary interface
fwk::Res ult MyTag:: jobSummary( )
{

std::cout << "MyTag/" << _tag << " tagged events: "
<< _tagged_ events << std::endl;

return fwk::Res ult::succes s;
}

}

In additionyouneedaRegMyTag.cp p file:

#includ e "framewor k/Registry. hpp"

using namespace fwk;

namespace TMBStrea m {

FWK_REGISTRY_DECL(MyTag)

}

And finally you shouldaddRegMyTag to thesrc/OBJE CT COMPONENTS and
thebin/OBJE CTSfile.

All theexamplesof how to accessphysicsobjectsfrom
http://www -d0.fnal.go v/d0dist/d ist/package s/analysis example/dev el/doc/
applyto theseexamples,too.
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11 Other Issues

11.1 Chunks

At themoment theexample RCPfiles providedin np tmb stream write out only a
selectedsetof chunks (givenby theWriteChunk List parameter). Theseare:

string WriteChunkL ist = "MCKineChu nk TMBTrigg erChunk
thumbnail ::ThumbNail Chunk fwk::Histo ryChunk"

This will leaveoutany additional chunks whichwerein theoriginal inputfile, like
theCalDataC hunk .

11.2 Other Input Formats

Theprogramasdescribed is actuallycompletely independent from theinput format. It
canbeusede.g.for streamingDSTsaswell, by simplychangingtheunptmb entryin
thepackageslist andmodifying thelist of chunks to write.

11.3 Other Output Formats

TheprogramcouldproducetheROOT treefilesat thesametimeasit doesthestream-
ing onthethumbnail files. However, thecurrent implementationof theroot treegener-
ationdoes notyet allow multipleoutput files or selectionbasedon tags.
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